In the eighth TNM staging system proposal for NSCLC recently, classification of N stage is based on anatomical position of positive lymph nodes. We aimed to expand the sample volume to identify the value of positive lymph node number or ratio in prognosis and predictive effect for postoperative radiation. Clinicopathological characters of 109026 NSCLC patients were collected from the SEER Database. Kaplan-Meier curves and cox regression methods were used for survival analysis. Compared with positive lymph node number equal to 0, 1-3 and >3 groups were independent prognostic factors (1-3: HR 2.856, p < 0.001; >3: HR 3.358, p < 0.001), so as the 0-50% and >50% positive lymph node ratio groups (0-50%: HR 2.124, p < 0.001; >50%: HR 3.358, p < 0.001). And in the groups of N2&positive lymph node number ≥4 and N2&positive lymph node ratio >50%, postoperative radiation related to positive prognosis of NSCLC patients. In conclusion, positive lymph node number or ratio was associated with survival as an independent indicator in NSCLC. They also had predictive effects for postoperative radiation, while N nodal stage not.
. Although the number of metastatic lymph nodes (MLNs) has been included in N staging system for breast, gastric and colorectal cancer. It has been reported number of positive lymph nodes had a better prognostic effect than anatomical position in these cancers 4 . Whereafter, due to the limited number of examined lymph node, the ratio of metastatic lymph nodes to total examined number was explored, and confirmed to have prognostic value for various tumors, even better than MLNs number [5] [6] [7] [8] [9] [10] . The prognostic effects of positive lymph number and ratio for NSCLC have been reported in some studies 7, [11] [12] [13] , and here, we used the Surveillance, Epidemiology, and End Results (SEER) Database aiming to expand the sample volume and confirm their values in prognosis. Besides, we also searched their effects for patients at N1, N2 stage to clarify if they could be influenced by N stage.
Surgery is an effective way for NSCLC patients at early stage. However, among these operable patients, there are some harboring microscopic disease, and postoperative radiation might be performed aiming to reduce local recurrence and improve the outcome. Obviously, not all these patients could get benefits from it, some even could obtain detrimental results, so which group people should receive postoperative radiation was an important issue that have not been figured out. It is crucial to find predictive factors to determine the conduction of radiation after surgery. In 2006, Brian E. Lally and his colleagues searched SEER database and found postoperative radiation was related to an increase in survival in patients at N2 nodal stage but not in patients at N1 and N0 nodal stage 14 . As previously mentioned, positive lymph node number and ratio might have prognostic effects like N nodal stage, so we used a larger sample volume from 1988 to 2013 to further identify whether they have predictive values for postoperative radiation. Table 2 . Analysis of the number of positive lymph node and ratio of positive lymph node using the cox proportional hazards regression model. Clinical and follow-up data collection. In the process of selection, we also collected clinicopathological characteristics and follow-up information about patients, including age, gender, race, marital status, histological subtype, tumor size, N stage, differential degree, cancer position, treatment, year of diagnosis, number of examined and positive lymph node, survival status and survival months.
Statistical analysis. For the optimal cutoff of positive lymph node number and ratio, we used χ2 scores which were calculated using the Cox proportional hazards regression model. We performed Kaplan-Meier (K-M) analysis to test if positive lymph node number and ratio were significant for prognosis or prediction for postoperative radiation in all patients and patients at different N stages. Hazard ratio with its 95% confidence interval for describing association of variables and survival was calculated by univariate and multivariate cox regression methods. All statistical calculations were performed by SPSS (version 20.0) software (Inc., Chicago, IL, USA), and a two-sided p ≤ 0.05 was considered to be significant. Ethical approval. The study was approved by ethic community of Shandong Provincial Hospital afflicted to Shandong University. All the experiments described here were performed in accordance with the approved guidelines.
Results

Characteristics of patients.
As presented in the flow chart of patients selection ( Fig. 1) , 109026 ones were included in our analysis finally according to the inclusion and exclusion criteria. Among them, there were 54651 (50.1%) women and 54375 (49.9%) men. And there were 40638 (37.3%) patients ≤65 years old and 68388 (62.7%) patients >65 years old. The survival time of these patients ranged from 5 to 311 months with the median of 44.5 months. Other detailed information about race, marital status, histological subtype, tumor size, N stage, differential degree, cancer position, treatment, year of diagnosis, number of examined and positive lymph node, survival status were listed in Table 1 .
Cutoff values for positive lymph node number and ratio. We used Cox proportional hazards regression model to determine the cutoff values for positive lymph node number and ratio. In accordance with the maximalχ 2 scores shown in Table 2 , three nodes and 50% were chosen as optimal cutoff values for positive lymph node number and ratio respectively.
Survival analysis of positive lymph node number and ratio. When we analyzed the prognostic effects of positive lymph node number and ratio in all included NSCLC patients by K-M curves, we found they were both associated with overall survival (OS) (p < 0.001 for both) significantly (Fig. 2) . Compared with positive lymph node number equal to 0, 1-3 and >3 positive lymph node groups were independent prognostic factors for NSCLC patients(1-3: HR 2.856, 95% CI 2.734-2.984, p < 0.001; >3: HR 3.358, 95% CI 3.224-3.499, p < 0.001), so as the 0-50% and >50% positive lymph node ratio groups (0-50%: HR 2.124, 95% CI 2.037-2.215, p < 0.001; >50%: HR 3.358, 95% CI 3.224-3.499, p < 0.001). And N stage was also an independent indicator for prognosis Table 3 . Univariate and multivariate analysis of prognostic factors for OS of NSCLC patients.
(positive lymph node number included: HR 2.834, 95% CI 2.709-2.966, p < 0.001; positive lymph node ratio included: HR 3.358, 95% CI 3.224-3.499, p < 0.001). When stratified by N stage, positive lymph node number and ratio also related to prognosis of NSCLC patients at N1 stage or N2 stage (Fig. 2) .
Univariate and multivariate analysis of prognostic factors. After univariate analysis in searching significant factors for prognosis, a series indicators met the criteria and were included in multivariate analysis, such as age, gender, histological subtype, tumor size, N stage, differential degree, positive lymph node number and ratio. As presented in Table 3 , these were all confirmed to be independent prognostic indicators for NSCLC patients except "other histological types" group.
Predictive effect of positive lymph node number and ratio for postoperative radiation. In analysis for all included patients, we could see that postoperative radiation was correlated to poor survival compared with surgery without radiation (p < 0.001). The same results were seen in N0, N1, N2, positive number = 0, positive number = 1-3, positive ratio = 0 and positive ratio = 0-50% groups (p < 0.001 for all except N2 (p = 0.035)). But the results were not significant in positive number ≥4 and positive ratio >50% groups (p = 0.067, p = 0.803 respectively) (Fig. 3) .
As seen in Fig. 4 , in the further subgroup analysis, we found in the groups of N2&positive lymph node number ≥4 and N2&positive lymph node ratio >50%, postoperative radiation related to positive prognosis of NSCLC patients (p = 0.007, p = 0.003 respectively). And in other subgroups, the results were opposite, but same to the result in analysis of all patients.
In order to validate the conclusion, we performed multivariate analysis including age, gender, histological subtype, tumor size, differential degree and treatment at patients with N2&positive lymph node number ≥4 or N2&positive lymph node ratio >50% (seen in Table 4 ). And the prognosis of patients receiving radiation after surgery was significantly better than the ones only undergoing surgery in the two groups (N2&positive lymph Table 4 . Multivariate analysis of treatment for patients with N2&positive lymph node number ≥4 or N2&positive lymph node ratio >50%.
node number ≥4: HR 0.904, 95% CI 0.833-0.982, p = 0.016; N2&positive lymph node ratio > 50%: HR 0.869, 95% CI 0.795-0.949, p = 0.002).
Discussion
In 2006, Fukui T and his colleagues firstly proved that the number of positive lymph node had significance in resected NSCLC patients 12 , and then some studies were conducted confirming the result 11, 13 . Soon after, researchers realized the number of examined lymph node would limit the maximal number of MLN, and sufficient lymph nodes should be sampled to analyze the lymph node status to guarantee the reliability. Accordingly, ratio of MLNs, the number of MLNs by the examined lymph node number, was explored and confirmed to have prognostic value in lung cancer in some studies 7, [15] [16] [17] . However, in the eighth TNM staging system proposal published recently, the determination of N stage is still based on anatomical position. So we searched SEER database covering approximately 28% of the population of the United States according to certain criteria, and 109026 patients were included finally. Through K-M curves and cox regression analysis methods, we got the result that positive lymph node number or ratio was associated with survival for NSCLC patients as an independent indicator. Even in the subgroup stratified by different N stage, the results were still significant. These all demonstrated that positive lymph node number or ratio are stronger prognostic parameters for patients with NSCLC. It would be better to consider the number or ratio of positive lymph node not only the anatomical position in the new TNM staging system. Sometimes, postoperative radiation was performed for resected NSCLC patients to reduce local recurrence and improve survival. But results from a series of studies suggested that not all these patients would get benefits from radiation after surgery, some even would obtain detrimental result. In 1998, an article of meta-analysis containing nine studies with 2128 patients reported that whether postoperative had detrimental effect was determined by N nodal status. Significantly reduced survival was seen in patients at N0 and N1 stage, and patients at N2 stage seemed to advocate postoperative radiation but the result was not significant 18 . An updated meta-analysis with 10 studies published in 2005 had the same result 19 . Then in 2006, an authoritative article with 7465 NSCLC patients from SEER database demonstrated that postoperative radiation was associated with an increase in survival in patients at N2 stage significantly but not in patients at N0 or N1 stage 14 . As mentioned in the above paragraph, positive lymph node number or ratio might have better prognostic effect than N nodal stage, so we hypothesized that they perhaps had better predictive effect for postoperative radiation, either. Interestingly, when we expanded the sample volume, we obtained a different result as previously reported, postoperative radiation had detrimental effect for patients with any N nodal disease significantly. However, in the subgroups of positive lymph node number ≥4 and positive lymph node ratio >50%, the results were not significant. For further exploration, we divided these patients into 8 subgroups according to N stage and positive lymph node number or ratio: (1) N1&positive lymph node number =1-3; (2) N1&positive lymph node number ≥4; (3) N2&positive lymph node number = 1-3; (4) N2&positive lymph node number ≥4; (5) N1&positive lymph node ratio = 0-50%; (6) N1&positive lymph node ratio > 50%; (7) N2&positive lymph node ratio = 0-50%; (8) N2&positive lymph node ratio > 50%. And found that postoperative radiation would benefit patients in the subgroups of "N2&positive lymph node number ≥4" and "N2&positive lymph node ratio >50%", patients in other ten groups obtained opposite results significantly. These suggested that the combination of N nodal stage and positive lymph node number or ratio was a good means to select potential NSCLC patients who could get benefit from postoperative radiation.
Although we had a large enough sample of NSCLC patients to conduct our analysis, there were some bias difficult to avoid due to the nature of respective study. And the SEER data is available data with heterogeneity and other limitations, we could not control the baseline of different groups to be the same. That is to say that those who used radiation might be quite different at the baseline from those without using radiation even among the NSCLC patients at the same N stage. So further exploration especially randomized clinical trials should be performed to confirm the result.
In conclusion, our study analyzed 109026 patients with NSCLC between 1988 and 2013 from SEER database, and got the result that positive lymph node number or ratio was associated with survival as an independent indicator in NSCLC. And they also had predictive effects for postoperative radiation. For NSCLC patients in subgroups of "N2&positive lymph node number ≥4" and "N2&positive lymph node ratio >50%", postoperative radiation use had a positive effect on survival significantly. And we could not get the result only according to the N nodal stage.
